The increase of well-being culture of problem related to environmental depletion of resource is not the growing interest in timber the natural material of construction markets. Also, the perception for historic preservation has been increased in respond to heightened interest. However, it is fairly difficult for architectural properties to maintain their durability because it was made by timber construction. Preventing traditional structure from damage and structural performance reduction is paramount in maintenance problem. A number of studies of reinforced method have been conducted in order to solve such a problem. In this paper, external bonded reinforcement and near-surface mounted was used as a way to reinforce timber structure's durability. Bond strength for specimens with different bond length was investigated. As a result showed, maximum bond strength in bond length 300 mm from all method, was found to be not increased of bond strength over the certain bond length.
INTRODUCTION
* Recently, life style quality improved for the well-being culture by problems of environmental pollution and resource depletion and there is an increasing attention in the housing sector on timber. Timber is construction material of the natural, it is distinguished from existing construction material of concrete [1] . As wooden construction uses dry construction method with short construction period, it has smaller demand for professional skills compared to wet construction method. Due to such advantage, awareness on timber housing is growing, and demand for timber houses is predicted to increase. Also, as importance and value for preservation of cultural heritage are increasing, there is an increasing awareness of preserve cultural heritage. Traditional timber buildings are based on the principle that maintains the original form of building while preventing reduction in structural performance and material loss [2] . However, as traditional timber structures with important values in preservation such as cultural heritages are being restored by replacing damaged members by new materials or complete demolition for reconstruction without sufficient review on accurate material characteristics, structural behavior and resistance, structural problems are deepening [3] . When timber structures are corroded or damaged by physical, chemical or biological means, they are primarily reinforced by replacing corroded structural members with new members. In the case of cultural heritages, each member has a value as cultural heritage. Therefore, causes difficulty in replacement. In order to resolve such problem, studies are being conducted on strengthening methods that do not involve replacement of existing timber. Among strengthening methods, the method using carbon fiber reinforced polymer (CFRP) plate was developed to be especially appropriate for strengthening of structures as CFRP plate has excellent corrosion resistance, chemical resistance, and fatigue resistance, as well as excellent performance in terms of constructability, workability, transportability, and light weight. There is an increasing use of CFRP plate at actual construction sites. There had been many studies on concrete member strengthening method based on Carbon Fiber Reinforced Polymer (hereinafter referred to as CFRP) since 1990s. Garden [4] and Wu et al. [5] studied CFRP plate and sheet posttension strengthening system, and Baroos & Dias [6] performed an experiment on shear behavior of NSM beam and predicting shear strength of Near-Surface-Mounted beam by modifying the analysis model presented by Nanni et al. [7] . Many studies exist such as surface mounting of CFRP on the concrete bond strength according to surface bonding, and bond strength estimation equation for NSM CFRP plate on the concrete by Seo Su Yeon et al. Guenaneche et al. [8] and Krour et al. [9] were studied the numerical analysis for the FRP plate reinforced concrete beams. Studies on CFRP in timber are also being conducted actively. Giulia Fava et al. [10] carried out a study on bond strength with glulam according to fiber direction and thickness of CFRP and GFRP. L. F. P. Juvandes et al.
[11] compared bond strength according to strengthening method of structural timber and FRP. Angelo D'Ambrisi et al. [12] performed an experiment on bending strength of NSM CFRP plate in timber. The study of Kwon Gi Hyeok et al. [13] was about bending strength of timber strengthened by NSM CFRP. However, there had not been basic research about bonding. Also, as timber materials are not uniform and have a difference among species, it is important to perform appropriate strengthening according to species. Therefore, the purpose of this study is recently used structural glulam with CFRP plate for comparison of bond strength according to external bonded reinforcement and near-surface mounted and to provide basic data about timber strengthening by use pine tree to mainly use in cultural heritages in the past.
EXPERIMENTAL DESIGN
The most common technique for strengthening of structure members utilizing FRP is External Bonded Reinforcement (EBR) technique. Despite certain benefits of this technique such as simple and prompt installation, the main problem, which has greatly disrupted the use of EBR method, is premature debonding of FRP composite from member. This problem can cause a strength reduction of the retrofitted member. Accordingly, recently, Nearsurface Mounted (NSM) method was developed. A study on bond capacities of EBR and NSM using GFRP was conducted. The bond strengths for specimens strengthened by two methods were compared. The key parameters for an experiment are retrofit method (EBR, NSM), timber species. The material properties of CFRP plate and epoxy are illustrated in Table 1 . Also, the result of measuring compressive strength and moisture content of timber according to the standard is shown in Table 1 . According to KBC 200914, timbers used belong to structural timber grade 1. The relevant geometric information of specimens is displayed in Fig. 1 and summarized in Table 2 . 
CFRP plate with different width (20, 50 mm) and length (300, 400 mm) was used for the test of EBR method that one surface of it is bonded to the surface of timber (The timber specimens made by domestic pine and glulam were used in the test and size of timber is 90 × 90 × 500 mm.). As for NSM method, the GFRP plate is embedded into slit with width of 10 mm and depth of 1.4 and 2.8 mm.
Specimens were tested in the Universal testing machine of 2000 kN capacity as shown in Fig. 2 . End of specimen in joined by a gripping apparatus which are fixed to rotate and movement. The gripping apparatus are connected to the grip of the UTM. Tensile force was applied to the specimen at a constant rate of 0.5 mm/min in a displacement control mode. Two displacement transducers (LVDT) were set-up to measure the elongation of the specimens and two strain gauges were attached to the each surface (in the front and back) of specimen. The measured data was stored into the data logger at 1.0s intervals. Fig. 3 show presents the fracture mode of test results. Fracture mode can be divided into two groups depending on reinforced method. While EBR specimens failed in debonding failure (Fig. 3 a, b) , NSM specimens showed the phenomenon of tensile fracture of epoxy (Fig. 3 c, d ). In specimens in the same series (EBR, NSM), the failure pattern was same each other regardless of the bonded length, width and depth. Table 3 . Experimental results
Fig. 2. Loading situation

EXPERIMENTAL RESULTS
Failure shape
Load-displacement curve
In most of the specimens, increase of displacement is higher than the increase of load during an early stage. Such phenomenon is probably caused by indentation, which occurs by pressure that occurs at the point of force upon initial application of load, according to material characteristics of timber, creating displacement as large as depth of indentation. Fig. 4 a and b represent the loaddisplacement curve of EBR specimens with width of 20 and 50 mm. For specimens in DS series made from pine, the longer bond length lead to an increase of strength. For example, DS300W50 with bond length of 300 mm has an ultimate load of 41.99 kN (Table 3 ) and much larger value than those of DS400W50 with bond length of 400 mm (ultimate load = 64.75 kN in Table 3 ). However, the strength of specimens in LS series has reduced by increase of bond length. As for the NSM specimens, except for some specimens in DN series with depth of 2.8 mm, the strength of specimens increased as increase of the bond length. 
Bond strength
In the experimental data of Giulia Fava et al. [10] , it can be seen that the adhesive strength increases as the Fig. 5 a and b. Fig. 5 c and d , shows ultimate load and bond strength pattern by increase of bond area. As for bond strength according to increase of bond area, except for LS400W20, the ultimate load of specimens has increased with increase of bond area regardless of timber material. However, bond strength has a tendency to decrease despite to increase of bond area. Based on the test results, it can be deduced that the load doesn't transfer whole area of the member. 
CONCLUSIONS
In this study, CFRP plate was used for strengthening of timber structure using EBR and NSM methods, bond length, and thickness and width of CFRP plate as variables. The results of the experiment on bond strength for pine and glulam species are as follows. 1. When the two species were compared in EBR method, maximum resistance of pine was 64.75 kN in specimen no. 2 with largest bond area, and maximum resistance of glulam was 75.64 kN in specimen no. 5. 2. As a result of comparing bond strength of EBR and NSM methods according to species, mean bond strength was 9.04 MPa for EBR pine, 10.99 MPa for EBR glulam, 4.89 MPa for NSM pine and 11.23 MPa for NSM glulam. Compared to pine, glulam showed higher bond strength for both methods, respectively by 17.8 and 56.4 %. 3. In EBR method, both pine and glulam showed maximum bond strength of 11.85 and 17.05 MPa respectively at bond length of 300 mm and width of 20 mm. As for NSM method, maximum bond strength was respectively 6.43 and 12.58 MPa at bond length of 300 mm and thickness of 2.8 mm. Strength was found to reduce above certain bonding area. 4. As a result of the comparison on bond area ratio of the two methods, both species showed high strength in 300W20 series of NSM method compared to low bond area, verifying higher efficiency of NSM method compared to an area.
